The influence of calcium nutrition on ethylene-induced abscission was studied by growing cotton (Gossypium hirsutum L. cv. Stoneville 213) and bean (Phaseolus vulgaris L. cv. Resistant Black Valentine) plants for several weeks in nutrient solutions containing 2, 10 (normal level), 15, or 20 meq/l of calcium, and then treating the plants with ethylene. Increasing the calcium level of cotton from 2 to 20 meq/l resulted in a 9-fold increase in the calcium content of the abscission zone and a maximum reduction of 25% in the amount of leaf abscission induced by ethylene (9 Il/l). Bean plants grown on 10, 15, or 20 meq/l calcium solutions showed corresponding increases in the calcium content of the abscission zone but showed no significant differences in the rate of ethyleneinduced abscission. Only at the lowest calcium level of 2 meq/l, where deficiency symptoms became apparent, was a significant effect observed. These results suggest that under normal cultural practices calcium nutrition has little influence on the rate of ethylene-induced abscission.
The effect of calcium on abscission has largely been attributed to its binding role in the cell wall as calcium pectate (1, 9) . Recent reports on the influence of Ca on ethylene-induced abscission in bean petiole explants (6) and on debladed and intact bean plants (8) suggests a possible regulatory role of Ca in ethylene-stimulated abscission. Incubation of explants with 1 to 100 mm Ca solutions resulted in a marked reduction in the abscission rate of bean explants. A similar effect was observed on debladed and intact bean leaves when Ca solutions were applied to the petiole during deblading or as a dip treatment to intact primary leaf blades. Pertinent to these results are the reports indicating a delaying effect of Ca on senescence (7) and a possible role of Ca in maintaining the integrity of the auxin transport system (5) . These latter findings are significant because the onset of senescence is closely associated with natural abscission (4) , and auxin transport modification by ethylene is an important aspect of ethyleneregulated abscission (2 1600 ft-c; 14-hr photoperiod; relative humidity, 70% day and 50% night; temperature, 29 C day and 18 C night). One chamber was purged at a constant flow rate of 91/min with 9 al/l of ethylene and the other was purged with air (< 5 nl/l ethylene). Nine cotton plants and 10 bean plants from each Ca treatment were treated with ethylene. Two such experiments were conducted with cotton and one with bean. Cotton and bean plants grown on the 2 meq/l solution exhibited Ca deficiency symptoms (e.g., reduced plant height and mild chlorosis). whereas the plants grown on the 15 and 20 meq/l solutions appeared no different than those grown on the normal 10 meq/l solution.
When placed in ethylene, the younger leaves of cotton abscised first, whereas the reverse was true of bean. For this reason, the number of leaves or leaflets of each age type which abscised each day were recorded separately to determine any possible effect of Ca nutrition on the rate of abscission of young versuts old leaves. Since no significant differences were observed, the abscission data for both the young and the old leaves were averaged together. Calcium Determination. At the time of ethylene treatment, 10 bean plants and six cotton plants from each Ca treatment were harvested, oven dried, and Ca was determined using atomic absorption spectrophotometry (3). Cotton plants were severed just below the node of the first true leaf and above the node of the fifth true leaf, and the leaf blades, petioles, abscission zones, and internodes from this region of the plant were placed into separate lots, and each lot was assayed for Ca. Bean plants were severed below the node of the first trifoliate and above the third trifoliate, and the various leaf parts and internodes were placed into separate lots and assayed for Ca. The abscission zone tissue was harvested by cutting with a scalpel 1 to 2 mm on each side of the abscission zones. In addition to the tissues indicated above, the percentage of Ca was also determined for the roots of both cotton and bean.
RESULTS
Increasing or decreasing the calcium concentration relative to the normal 10 meq/l level resulted in a corresponding increase or decrease in the percentage of Ca in all tissues assayed for both cotton (Table I ) and bean (Table II ). Increasing the nutrient calcium level from the normal 10 meq/l level to 15 and 20 meq/l resulted in 88 and 172% increases, respectively, in the percentage of Ca in the abscission zone of cotton (Table  I) . Reducing the Ca level to 2 meq/l resulted in a 70% reduction in the percentage of Ca in this tissue. Similar, but less dramatic changes, were observed in other tissues assayed for cotton.
In bean, a difference was observed in the percentage of Ca between the distal and proximal abscission zones. The distal zone consistently contained a higher percentage of Ca at all treatment levels of Ca. Increasing the Ca level to 15 and 20 meq/l resulted in 45 and 74% increases, respectively, in the percentage of Ca in the distal abscission zone, whereas the proximal abscission zone tissue showed 33 and 67% in- nutritional level of bean also caused significant changes in the other tissues assayed for Ca.
The influence of Ca nutrition on the rate of ethylene-induced abscission in cotton and bean are presented in Figures  1 and 2 . In cotton there is clearly a trend towards a reduced rate of leaf abscission when the Ca level in the nutrient solution was increased from 2 to 20 meq/l. At day 3, when the maximum effect was observed, increasing the Ca level in the nutrient solution from 2 to 20 meq/l resulted in 25% less abscission. This increase in the level of Ca in the nutrient solution was associated with a 9-fold increase in the percentage of Ca in the abscission zone tissue (Table I) .
In bean (Fig. 2) In the present study, changes in tissue Ca were brought about by growing cotton and bean plants on high and low levels of Ca. Because the uptake of Ca into the plant is a natural function of the root, it was felt that this was the only meaningful way of assessing the possible physiological role of Ca in abscission. As shown in Tables I and II, marked changes in the percentage of Ca in the tissue were brought about by different levels of Ca in the nutrient solution. These data, therefore, allow direct comparisons to be made between the concentration of Ca in the abscission zone and the effect these changes have on the rate of ethylene-induced abscission. As the data presented in Figure 1 indicate, the over-all effect of Ca on the abscission rate in cotton is rather small. The 9-fold difference in the percentage of Ca of the abscission zone of the cotton plants grown on 2 versus 20 meq/1 Ca solutions resulted in only a 25% reduction of abscission which was the largest reduction observed for cotton. Only at the low 2 meq/l level, where deficiency symptoms became apparent, did a Ca effect become significant in the case of bean (Fig. 2) . These results suggest that under most conditions of plant culture, Ca has only a minor effect on the rate of ethylene-induced abscission. Furthermore, it would seem that only if relatively high concentrations of Ca are applied directly to the abscission zone, petiole, or leaf blade can a dramatic effect of Ca on abscission be expected.
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